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WATER RESOURCES OF GRANT AND HOT SPRING 
COUNTIES, ARKANSAS

By H. N. HALBERG, C. T. BRYANT, and M. S. HINES

ABSTRACT

In Grant and Hot Spring Counties the Ouachita, Saline, and Caddo Rivers 
yield large quantities of soft, good-quality water. Small streams in south 
eastern Hot Spring County and some of the small streams in the Ouachita 
Mountains have relatively high base flow; in Grant County small streams yield 
little water during dry periods. At times, sewage and mine drairuge pollute the 
Ouachifca River from the Garland County line to a point a few miles below 
Lake Catherine. At low flow, Hurricane Creek water is unfit for most uses.

The Sparta Sand, the principal aquifer, yields as much as £50 gpm of soft 
water in Grant County. The Carrizo Sand and Cane River Formation are 
potentially important aquifers in Grant County and southeastern Hot Spring 
County. The Wilcox Group yields as much as 300 gpm of fresh water in south 
eastern Hot Spring County and southwestern Grant County; in the rest of 
Grant County its water is brackish. The alluvium along the principal streams 
and the consolidated rocks of the Ouachita Mountains yield smsll quantities of 
water that vary in quality from place to place. Some of the water from the 
alluvium has high nitrate content and may be a hazard to health.

INTRODUCTION 

PURPOSE AND SCOPE

The development and management of water resources to meet in 
creasing demands of municipal, industrial, and agricultural expan 
sion require knowledge of the occurrence and use of water. This re 
port describes, for Grant and Hot Spring Counties, th*, availability 
and quality of ground water in both the Interior Highlands and the 
Coastal Plain and the lithology of the principal aquifers in the 
Coastal Plain. Information is given on availability of surface water, 
including magnitude and frequency of floods and low flows, dura 
tion of daily flows, and storage requirements for specific dependable 
yields of streams. The report also describes the quality of the water 
of the Ouachita and Saline Rivers, and of many of the tributary 
streams, and furnishes information about existing or potential river- 
and ground-water pollution.

PREVIOUS WORK

Ground-water, streamflow, and water-quality data used for this 
study are compiled in a report by Edds and others (1%7). A report
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by Albin (1965) on the water resources of the Ouachita Mountains 
covers part of the area of this report. Keports by Patterson (1964) 
and Hines (1965) provide information on flood-frequency and water- 
supply characteristics of streams, respectively.

COOPERATION AND ACKNOWLEDGMENTS

This report was prepared in cooperation with the Arkansas Geo 
logical Commission.

The authors acknowledge, with thanks, the help and information 
furnished by well drillers, industrial and public agencies, and individ 
uals. They are grateful to Mr. Bruce Gwin, Water Works Super 
intendent, Sheridan; Mr. Pierce Reeder, Mayor, Leola; Messrs. Tom 
W. Stalnaker and Glen Tindle of the Natural Gas Pipeline Co. of 
America; and Mr. A. J. Stephens, Prattsville, for permitting supply 
wells to be used for aquifer tests.

DESCRIPTION OF THE AREA

Grant and Hot Spring Counties are in central Arkansas, about 50 
miles south to southwest of Little Rock, and encompass an area of 
1,254 square miles (fig. 1). Western Hot .Spring County lies in the 
Ouachita Mountains section of the Ouachita province of the Interior 
Highlands (fig. 2). This area is about equally divided between the 
Broken Bow-Benton Uplift and the Athens Piedmont Plateau. The 
Broken Bow-Benton Uplift is made up of a series of east-west-trend 
ing parallel ridges and valleys, underlain principally by extensively 
folded shales, sandstone, chert, and novaculite of Paleozoic age. The 
most prominent ridges consist principally of Arkansas Novaculite. The 
extreme northern part of the county is in the Zigzag Mountains, the 
northwestern part is in the Trap Mountains, and the Ouachita Kiver 
flows between the two mountain ranges, in the Mazarn Basin. The 
Athens Piedmont Plateau consists of a series of east-west ridges that 
increase in height from south to north; the plateau has z, maximum 
relief of 300 feet. (See Fenneman, 1938, p. 668-683.) The ridges con 
tinue east of the Fall Line and disappear beneath the unconsolidated 
deposits of the Coastal Plain.

Eastern Hot Spring County and all Grant County lie in the West 
Gulf Coastal Plain section of the Coastal Plain province. The sedi 
ments in the Coastal Plain consist of clay, silt, sand, gravel, and lime 
stone of Cretaceous and Tertiary age that dip gently southeast and 
south; they are overlain along the streams of flood-plain deposits of 
Quaternary age. (See table 4.)

Hot Spring County and most of Grant County are in the Ouachita 
River basin. Northeastern Hot Spring County and mos^ of Grant
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County are drained by the Saline River, a principal tributary of the 
Ouachita. A small area in the northeast corner of Grant County is 
drained by the Arkansas River. (See pi. 6.) Streams that drain the 
area are listed in table 8.

The streams in western Hot Spring County are incised deeply in 
the rocks. They have steep gradients and narrow valleys, resulting 
in rapid runoff. Lateral movement of the streams has been restricted by 
resistant rocks, resulting in narrow flood plains on the larger tribu 
taries. Streams in the remainder of the two counties drain the gently 
rolling hills and lowlands of the Coastal Plain.

The two counties are sparsely populated. The total number of 
inhabitants is about 30,000, of whom 13,000 live in cities and towns.

Forestry is the most important agricultural industry. A few acres 
of row crops and rice are grown, and some cattle are raised in the 
area. Only small acreages of crops are irrigated. Woodlands cover 
about 85 percent of the counties, an increase from the 50 percent cover 
age of 30 years ago, when small farms were much more numerous. The

50
I

100 MILES

FIGUBE 1. Location of Grant and Hot Spring Counties

293-339 O 68   2
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INTRODUCTION

FIGURE 3. Well-numbering system.

increase reflects the change from "dirt-farming" to greying pine for 
pulpwood and lumber.

Hot Spring County has three principal mineral industries. Barite is 
mined near Magnet for drilling mud and other barium products. 
Brick and tile are manufactured from the large deposits of clay near 
Malvern. Novaculite is mined in small quantities for th°. production 
of fine abrasive stones.
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WELL-NUMBERING SYSTEM

The well and location numbers used in this report (fig. 3) are based 
on the Federal land-survey system as it is used in Arkansas. The 
township and range are written first; then the section number; then, 
starting in the northeast quarter section, three lowercase letters are 
used for the quarter section, quarter-quarter section, and quarter- 
quarter-quarter section. A serial number is appended if records are 
used for more than one well in a quarter-quarter-quarter section. 
Thus, the first well inventoried in the SE^4NW^4SW^4 sec. 21, T. 5 S., 
R. 18 W., is designated 5S-18W-21obdl.

WATER USE

About 10 million gallons of water was used daily in T.965 for all 
purposes in the counties, excluding water used in the production of 
electric power (table 1). Fifteen percent of the 10 mgd (million 
gallons per day) was drawn from wells and springs and 85 percent 
from streams. The cities of Leola and Sheridan use ground water for 
their public supplies; the city of Malvern uses Ouachita Piver water. 
The public-supply systems proposed for Poyen and Prattsville will 
use ground water.

Practically all rural household supplies are drawn from wells. It is 
estimated that about 0.7 mgd was used by the 17,500 people whose 
water supplies were not furnished by municipal systems.

Industries used about 6 mgd, most of which was drawr from their 
own sources of supply (table 1). Barite mines, gravel pits, and associ 
ated plants used 1.5 mgd of surface water for cooling, but this water is 
available for reuse.

A small quantity of water was used for irrigation. In southern Hot 
Spring County, about 0.7 mgd of surface water was applied to 440

TABLE 1. Estimated water use in Grant and Hot Spring Counties, 1966
[Million gallons per day]

Use Ground Srrface Total
water water

Public supply.__________________________________ 0
Rural domestic._______________________________
Industrial, self-supplied. _________________________
Recreation. _ ___ _ ______________________________
Agriculture:

Irrigation._____________ _____________________
Livestock ______________ _ __________________
Minnow farm

31 0. 83 1. 14
70 ________ .70
06 f-. 57 5. 63
02 ________ .02

09 .75 .84
21 .27 .48
18 . 86 1.04

1. 57 ?, 28 9. 85
Fuel-electricpower____________________._______________ 20? 40 209. 40

Total____._______________________________ 1.57 217.68 219.25
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acres of rice and 80 acres of cotton and pastures. In central Grant 
County, about 0.1 mgd of water was applied to 280 acres of cotton and 
pastures. The 33,000 head of livestock in the two counties used about 
0.5 mgd.

The quantity of water used in the two counties is a small percentage 
of the available supply. The only large individual use is the 209 mgd 
used by a thermal-electric plant. This water is available for reuse. The 
following sections of the report describe the quantity, quality, and 
availability of water and the type and magnitude of problems that 
may be found. Suggested industrial water-quality tolerances are shown 
in table 2, and the source and significance of dissolved solids in, and 
physical properties of, water are shown in table 3.

APPRAISAL OF THE WATER RESOURCES

SUMMARY AND AREAL DISTRIBUTION

Large quantities of water are available throughout much of Grant 
and Hot Spring Counties. In isolated areas, only small quantities of 
water are available, and in some places, the quality of the water is 
poor. Most of the water is suitable for public supplies and industry 
after minor treatment. Practically all the water is suitable for irriga 
tion.

The Ouachita, Saline, and Caddo Rivers are sources of large quanti 
ties of good-quality water along much of their course'7 in the two 
counties; the Ouachita is polluted from the Garland County line to a 
few miles below Lake Catherine. East of the Saline, lar^e quantities 
of good-quality ground water are available; but the streams in this 
area yield little water during dry periods. Hurricane Creek can supply 
some water, but the water is highly polluted by industrial wastes. 
Between the Saline and Ouachita Kivers and in the Coastal Plain part 
of Hot Spring County north of Malvern, the aquifers and a few of the 
streams yield moderate quantities of good-quality water.

In the Ouachita Mountains, most wells yield only eiough water 
for domestic or small farm use; the mineral composition of the water 
varies widely from place to place. Most of the small streams have 
small dependable yields of good-quality water, but not so much as can 
be obtained from streams between the Ouachita and Saline Rivers.

In the Coastal Plain, only the formations of Tertiary age yield 
large quantities of fresh water. The Sparta Sand is the most produc 
tive of the large-yielding aquifers, and its water has the best quality. 
The Carrizo Sand and Cane River Formation are potentially impor 
tant aquifers; their water is of good quality but is harder and contains 
more dissolved solids than water from the Sparta Sand. The Wilcox 
Group is potentially important in southeastern Hot Spring County
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and southwestern Grant County. In the flood plains of the Ouachita 
and Saline Rivers, the alluvium is thin and much of it is fin e grained. 
Wells that tap the alluvium yield only enough water to supply the 
needs of households, rural schools, or livestock; some of the water 
from the alluvium has a dangerously high nitrate content. In the two 
counties the sedimentary formations of Cretaceous age yield only salt 
water.

GROUND WATER

Grant and Hot Spring Counties are underlain by geologic forma 
tions that range in age from Ordovician to Recent (pi. 1; table 4). 
Most of the formations contain aquifers.

The location of, and stratigraphic relation between, the water-bear 
ing units are shown on a geologic map pi. 1) and two sections (A-A' 
and B-B' on pi. 2). The outcrops of these formations, as shown on the 
geologic map and the sections, have been drawn principally on the basis 
of electric logs of oil-test wells.

The chemical quality of much of the ground water in the study area 
is good (table 5), but some treatment is needed to make it usable by 
most industries. Soft and hard water is found throughout the area. 
The water from most of the aquifers has a high iron content, and 
much of it has a low pH, indicating probable corrosivenesr, Much of 
this slightly acidic condition is due to excess carbon dioxide; it is not 
due to pollution, as is true of most of the surface waters. Variations of 
chemical characteristics of ground water are shown on plate 3.

AQUIFIERS OF THE OUACHITA MOUNTAINS

Wells in the Ouachita Mountains tap aquifers in consolidated rocks 
of Paleozoic age (pi. 1; table 4). Most of the rocks are shale, sandstone, 
novaculite, and chert; but they include some limestone and intrusive 
igneous rocks. The oldest rocks are the Womble Shale and the Bigf ork 
Chert of Ordovician age, which are tapped for water in a small area 
in northeastern Hot Spring County. A few wells tap the Arkansas 
Novaculite, which underlies the crests of the east-west-trend ing ridges 
in the northern part of the county. In the vicinity of Friendship, small 
quantities of water are obtained from the Jackfork Sandrtone. The 
youngest rock is the Atoka Formation of Pennsylvanian age, which is 
present in a small area in the southern part of Hot Spring County; but 
the availability of water in this formation is unknown. The most wide 
spread aquifer is the Stanley Shale, which underlies most of the 
western part of the county.

The occurrence of water in all the rocks of the Ouachita I fountains 
is similar and will be described as though for one rock unit. The rocks
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are shown as one unit on plate 1, except that the area of occurrence of 
the Bigfork Chert is delineated. The primary porosity of most of the 
rocks is so low as to be negligible, and the water is fo^nd in joints, 
fractures, and separations along bedding planes; hence, the amount of 
water available from the rocks is a function of the amount of fractur 
ing that has taken place in them. Owing to its large degree of fractur 
ing, the Bigfork Chert, present in northeastern Hot Spring County, is 
the only formation that is an aquifer throughout its area of occurrence 
(Purdue and Miser, 1923, p. 11). Because the systems of fractures and 
joints lie along east-west lines, wells of equal water-yielding capacity 
lie east or west of each other. Yields of wells north or south of each 
other generally are unrelated. Wells should not be drilled closer than 
1,000 feet to prevent excessive drawdowns of water level (Albin, 1965, 
p. 7).

Most wells drilled into these rocks yield from 2 to 7 gpm; a few 
yield 20 gpm or more. The highest pumping rates measured in the 
Ouachita Mountains in Hot Spring County were 21 gpm from wells 
3S-16W-21bdc at Glen Rose School and 3S-18W-27dca2 at Lake 
Catherine State Park. The highest reported yield was 40 gpm from 
well 5S-21W-15bac.

Specific-capacity tests were made to determine the ability of the 
wells to yield water (table 6). The specific capacity of a well is the 
discharge expressed as a rate of yield per unit of drawdown after a 
given time interval, generally gallons per minute per foot of draw 
down at the end of a given period of pumping. Because a high initial 
pumping rate does not necessarily indicate that the yield will be 
maintained, specific capacities were determined at the end of 1 hour. 
The values determined ranged from 0.1 to 5.1 gpm per ft (gallons per 
minute per foot) of drawdown. The results indicate that there is little 
difference between the water-yielding characteristics of the rock units. 
A well that has a specific capacity of 0.5 or greater appears to furnish 
enough water to supply the needs of households.

Eighty percent of the wells inventoried are less than 100 feet deep, 
and most of the remainder are less than 130 feet deep. The deepest well 
inventoried (4S-20W-llbbb), however, is 640 feet deep.

The depth-to-static water level is less than 40 feet in 90 percent of 
the wells and less than 25 feet in 50 percent of the wells. The water 
levels (fig. 4) show fluctuations related only to local precipitation and 
use.

The chemical quality of water from wells in the Ouachita Mountains 
varies from a soft, sodium bicarbonate type to a hard, calcium bicar 
bonate type (pi. 3; table 5). Water containing excess iron is common 
throughout the mountains. In a few places the water is slightly acidic.
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TABLE 6. Summary of specific-capacity tests
[Specific capacity of a well is the discharge in gallons per minute per foot of drawdown at the end of a given

period of pumping]

Well Owner

Depth Static Draw- 
of well depth to Well down of Specify 
below water yield water capacity 
land below during level at (gpir Remarks 

surface land test end of per foct) 
(feet) surface (gpm) 1 hour 

(feet) (feet)

Alluvium of Quaternary age

4S-17W-27cdb--.. 

5S-15W-5abb2.._._

6S-18W-3dbC--__.

3S-12W-15cda-.._ 

18bca___-- 

4S-13W-7daa-.-_-
llcda..... 

5S-13W-lbdb--...
6dbd.....

5S-14W-26bcc.-... 
6S-12W-29cbC-_---

Malvern Nursing 
Home. 

E. F. Channell---

W. E. Davis... ____

Mrs. C. E. Emery. 

S. B. Dorr, Jr.---. 

Roland Taylor.--.

JoeWoddle. --.--.
International 

Paper Co. 
J.C. Warren......
O. M. Taylor.-.-.

37 

32

30

Cockfield

9.02 

17.81

4.69

5. 8 4. 14 

4. 9 1. 18

4. 7 5. 29

1,4

4, 1 30-min test- 
water level 
stopped falling 
in 3 min. 

. 9 15-min test   
projected to 
Ihr.

Formation

78 34. 85 

126 43. 27

70 23. 33 
125 49. 12

296 56. 96 
240 118. 74

170 55. 85 
140 24. 06

4. 4 4. 39 

2. 2 13. 43

4. 1 21. 98 
2. 1 13. 50

10. 7 2. 64 
4. 7 9. 72

3. 6 5. 69 
6. 5 8. 59

1.0 30 min test- 
projected to

. 2 Water level 
stopped falling 
in 16 min. 

.2 

. 2 Water level 
stopped falling 
in 8 min. 

3.9 
.5

.6 

. 8 30-min test- 
projected to 
Ihr.

Sparta Sand

3S-14W-20adb___ _.

3S-15W-26daa...._

4S-12W-17dcc2_... 
5S-13W-3cda3._.__

5S-14W-18ddb_... 

6S-14W-8bcd.-__.

6S-15W-26aaa__.-.

26aca.____ 

6S-16W-7cacl----.

J. W. Hicks.. .....

W. H. TulL. ......

Louis Jackson. .... 
Sheridan Water 

Works. 
W. R.Stephens...

Jenkins Ferry 
State Park.

Leola Water 
Works. 

Clarence 
Tankersley.

70

95

520 
564

448 

86 

70

172 

80

28.90

42.77

35.12 
83.64

38.30 

8.60 

39.20

63.25 

62.82

5. 2 6. 23

4. 7 6. 15

4. 2 31. 69 
550 25

150 12 

15. 4 10. 59 

3. 8 .55

257 22. 32 

2. 4 8. 99

0. 8 30-min test- 
water stopped 
falling in 
9 min. 

. 8 36-min test   
projected to 
Ihr. 

.1 
22 See table 7.

12. 5 Reported by 
driller. 

1.5

6. 9 9-min test- 
water stopped 
falling in 
30 sec. 

11. 5 See table 7.

.3

Cane River Formation

5S-16W-16cdb--.. Malvern Country 
Club.

153 48.24 18. 6 13. 65 1.4

293-339 O 6£
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TABLE 6. Summary of specific-capacity tests Continued
[Specific capacity of a well is the discharge in gallons per minute per foot of drawdown at tli e end of a given

period of pumping]

Well

Depth Static Draw- 
of well depth to Well down of Specific 
below water yield water capacity 

Owner land below during level at (gpm 
surface land test end of per foot) 
(feet) surface (gpm) 1 hour 

(feet) (feet)

Remarks

Carrizo Sand

6S-17W-34abb...- Texas Eastern 
Transmission 
Corp.

254 96. 91 47.8 22.93 2.1 S  >« table 7.

Wilcox Group

4S-16W-19bcd_... 
4S-17W-28aacl....

5S-17W-17aacl_.__ 
ISddc.-.. 
22ddd2._.

Perla School. -----
Malvern Brick 

and Tile Co. 
Central School- --- 
Luther Griffin.--. 
Natural Gas 

Pipeline Co. of 
America.

185 48. 90 
208 8.08

22 14. 76 
110 49. 48 
548 ..........

5.2 
4.5

6.9 
5.6 

157 ..

4.19 
17.89

1.84 
4.74

1.2 
.3

3.8 
1.2

S°e table 7.

Clayton Formation

5S-18W-3aaa..---. Social Hill School. 115 19. 05 8.4 3.30 2.5

Jackfork Sandstone

6S-19W-llabC-.._ G. C. Spurlin-.--. 500 36. 32 5.5 10.75 .5

Stanley Shale

3S-17W-21dca2.... 

3S-18W-27dca2._.. 

4S-17W-3bdc  ...
4S-18W-19dbc.  . 
4S-19W-36bdC--.. 
4S-20W-14bbc.--- 
4S-21W-17bdC--_.

4S-22W-17dcb..... 
30acd~.--

5S-20W-8cbb--_..
5S-21W-15bac_...-

Magnet Cove 
School. 

Lake Catherine 
State Park. 

Homer Sharpe 
Charles Kirk  -.
JeflDavis.. .......

Kenneth Looper. .

Seventh Day Ad- 
ventist School.

C. O. Shuffield___.

110 3. 79 

157 72. 98

173 31. 09 
95 26. 32 

102 14. 43 
93 18.43 
75 31. 25

110 31. 88 
75 17. 80

86 29. 40 
117 59.80

12.7 

21.0

4.1 
6.2 
2.8 
5.7 
2.2

2.2 
6.2

8.1 
3.6

38.29 

8.15

8.89 
8.93 

31.37 
10.50 
11.24

21.91 
27.05

4.77 
1.27

.3

2.6

.5 

.7 

.1 

.5 

.2

.1 

.2

1.7
2.8

Veil yield de 
creased near 
end of test.

4S-min test.

Arkansas Novaculite

3S-16W-21bda  . . 
3S-17W-10dca---.

Glen Rose School . 
Magnet Cove 

Barium Corp.

317 4. 92 
200 35. 84

21.4 
12.8

4.16 
56.41

5.1 
.2

Bigfork Chert

2S-16W-31cac--.-. 102 69. 02 5.1 9.97 0.5 Veil is in Saline 
County.

Womble Shale

3S-16W-7aaa...... C. R. Taylor...... 70 16. 07 6.1 7.47 0.8
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FIGXTBE 4. Fluctuations of water levels in selected wells.

1965

AQUIFERS OF THE COASTAL PLAIN

The Coastal Plain part of the two-county area is underlain princi 
pally by unconsolidated deposits of clay, silt, sand, and gravel, which 
range in age from Cretaceous to Recent. The sea invrded the area 
many times, and deposition of the sediments was botl marine and 
continental. The only consolidated-rock unit is the Clayton Formation 
of Early Tertiary age, which is a limestone in some plr-ces along the 
Fall Line (pi. 1).

The oldest unconsolidated deposits in the Coastal Plain are of Late 
Cretaceous age. These deposits occur only at depth bensath the land 
surface, and are composed of clay, silt, sand, gravel, marl, and lime 
stone. They yield no fresh water in the two counties and therefore will 
not be described further.

The only aquifers that yield large quantities of fresh water are 
those in the formations of Tertiary age. In southeaster]! Hot Spring 
County and southwestern Grant County, sand beds in the Wilcox and
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Claibome Groups yield fresh water in quantities adequate for indus 
trial or public use. In the rest of Grant County, only alluvium and 
formations of the Claiborne Group yield fresh water.

Most of the alluvium of Quaternary age that underlie? the flood 
plains of the streams yields small quantities of water.

The waiter-bearing properties of the units of Tertiary ago have been 
described graphically (pi. 4). The maximum depth at which fresh 
water is available and the formation from which the water is obtained 
have been determined from electric logs of oil-test wells. The lower 
limit of fresh water is in either the Carrizo Sand or the Wilcox Group 
(pi. 4).

To determine the ability of the aquifers to yield and to transmit 
water, aquifer tests were made using wells that draw waiter from the 
Sparta Sand, Carrizo Sand, and Wilcox Group (table 7). The non- 
equilibrium method described by Theis (1935) was used to determine 
the transmissibility and storage coefficients. The basic dfta used in 
the tests are given in Edds and others (1967).

To supplement the aquifer tests, specific-capacity tests w°-re run, us 
ing domestic, school, and industrial wells that have small yields. The 
results of the specific-capacity tests are given in table 6 of this report 
and in the basic-data report by Edds and others (1967).

TABLE 7. Summary of aquifer tests
[The coefficient of transmissibility is the rate of flow of water, at the prevailing water temperature, in gallons 

per day, through a vertical strip of the aquifer 1 foot wide and extending the full saturated height of the 
aquifer under a hydraulic gradient of 100 percent (Ferris and others, 19C2, p. 72). The coefficient of storage 
is the volume of water released from, or taken into, storage per unit surface area of aquifer per unit change 
in head component normal to that surface (Wenzel, 1942, p. 87)]

Well Owner
Thick- Field coeffi-

Aquifer ness of cient of trans- Coefficient 
aquifer missibility of storage 

(gpd per foot)

5S-13W-3cda3.. Sheridan Water 
Works. 

5S-14W-5cbbl__ A. J. Stephens. __.
5S-14W-18ddb- W. R. Stephens. _.
6S-15W-26aca. - Leola Water

Works. 
6S-17W-34abb.- Texas Eastern

Transmission 
Corp. 

5S-17W-22ddd2. Natural Gas 
Pipeline Co. of 
America.

Sparta 
Sand. 

._.-.. do.. ._

...... do.....

Sand.

Wilcox 
Group.

95 

. '59

. 2 170

. 67

40

40

90, 000 

23, 000
3 29, 000
3 34, 000

3, 600

19, 000

1.4X 10-<

1.4X10-5

1 From log of test well 0.3 mile southwest.
2 From electric log.
3 Determined from specific capacity.
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The alluvium of Quaternary age, the Sparta Sand, and the Wilcox 
Group provide the best quality ground water in the two counties. 
The water from all three aquifers is soft to moderately hard. For most 
industrial uses, the only treatment needed is adjustment of the pH 
of the water and removal of the iron. Water from oth°-r aquifers is 
usable but requires other treatment in addition to redaction of the 
acidity and removal of the iron. Selected chemical analyses of ground 
water are listed in table 5. A report by Edds and other? (1967) con 
tains detailed ground-water data.

MIDWAY GBOT7P 

CIAYTON FORMATION

The Clayton Formation is the only aquifer in the Midway Group 
in the two-county area. It is exposed between the Fall Line and the 
alluvium of the Ouachita River (pi. 1). Northeast of U.S. Highway 
270, the Clayton is present only in the subsurface (R. V. Browne, oral 
commun. 1963).

The Clayton Formation consists mainly of limestone, calcareous 
sand, and sandstone; it is of marine origin, and in places is very f ossil- 
iferous. The formation is not a major aquifer in the two-county area. 
It is tapped by wells in the area of outcrop and a short distance down- 
dip, and yields sufficient water for household supplies. Mo^ of the wells 
are less than 100 feet deep.

Analyses of water from wells 4S-l7W-10aadl and f S-18W-3ada 
indicate that the water from the Clayton Formation varies from a 
calcium bicarbonate type to a sodium chloride type (table 5). In Hot 
Spring County northeast of U.S. Highway 270, where the Clayton 
is a limestone, water from well 4S-17W-10aadl has a moderately 
high dissolved-solids content and is hard. Farther south t]^ n, water from 
well 5S-18W-3ada, which taps a part of the formation that is com 
posed of sand and clay, has a low dissolved-solids content and is soft. 
A sample of water from another well, 5S-18W-3aaal, ait the Social 
Hill School, indicates that the water at that point is a sodium chloride 
type (table 5). This sample must indicate only local conditions, and 
does not represent the quality of water in the Clayton throughout Hot 
Spring County. In some places the water in the formation is corro 
sive, and the iron content is higher than the maximum of 0.3 ppm 
recommended for drinking water by the U.S. Public Health Service 
(1962).

The other formation of the Midway Group, the Porter?1 Creek Clay, 
is a blue-black clay; it overlies the Clayton and is not an aquifer in 
Arkansas.
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WILCOX GROUP

The Wilcox Group is exposed in a narrow band from Donaldson 
to the northeast corner of Hot Spring County (pis. 1, 4). 7t contains 
fresh water only in southeastern Hot Spring County and in south 
western Grant County. The top of the Wilcox dips southeast and 
reaches a depth of about 1,000 feet below the surface in southwestern 
Grant County. At the interface between fresh and salt water, t)he 
Wilcox is about 300-400 feet thick.

In the area where the Wilcox contains fresh water, thQ, group is 
composed of clay some of which is carbonaceous, lignite, and fine to 
medium sand. As shown by electric logs, the group contains one thick 
sand member in much of the area of fresh water. The sane5 ranges in 
thickness from 30 to 140 feet and thins to the east to about 30 feet 
close to the interface between fresh and salt water (pi. 2).

The hydraulic characteristics of the Wilcox Group were determined 
by an aquifer test on well 5S-17W-22ddd2, which yields 157 gpm from 
a 40-foot bed of sand at a depth of 509 feet. Values of 19,000 gpd per 
ft. (gallons per day, per foot) for the transmissibility and 1.4X1Q-5 
for the coefficient of storage of the aquifer were obtained (table 
7). These values were used to prepare figure 5, which can be used to 
determine well spacing east of the pumped well, that is, in a direction 
in which the aquifer is laterally extensive. However, an impermeable 
boundary about 6,000 feet from the pumped well, probably to the 
northwest, increases the drawdown of water level in the direction of 
the boundary (fig. 5). This necessitates greater spacing of wells so 
that they will not interfere with one another. For example, the draw 
down 1,000 feet from a well pumping 200 gpm continuously for 100 
days would be about 13 feet (fig. 5). However, because of the boun 
dary, the data collected during the pumping test indicate that the 
drawdown 1,000 feet northwest of the pumped well will be about 20 
feet.

The aquifer test was supplemented by short-duration specific-capa 
city tests in low-capacity wells, which indicate the magnitude of yields 
that can be obtained from domestic wells that tap the Wilcox (table 
6). A test on well 5S-17W-28aacl indicates a specific capacity of 0.24 
gpm per ft. Thus, if the water level declined 100 feet below the static 
water level, the well would yield 24 gpm.

About 200-300 gpm is available from individual wells in the Wilcox 
Group in southeastern Hot Spring County and southwestern Grant 
County. In northern Hot Spring County, quantities of wate1* adequate 
for household supplies or other small needs are available.
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FIGURE 5. Theoretical decline of water level at different internals of time and 
at different distances from a well pumping 200 gpm from a 40-foot-thick bed 
of sand in the Wilcox Group.

Along U.S. Highway 67, in T. 5 S., R. IT W., surficial gravel de 
posits, underlain by clay, are drained by seepage springs that flow 
westward toward the Ouachita Eiver. These springs yield moderate 
quantities of water; one, in sec. 4, flows 15 gpm from one of two open 
ings and supplies water for a minnow hatchery, a restaurant, and 
several residences.

Water levels in the Wilcox are controlled by topography and stream 
patterns. Near U.S. Highway 67, water levels slope westward toward 
the Ouachita Eiver; but farther east in Hot Spring County, where 
the streams flow east, water levels also slope east.
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Most of the water from the Wilcox Group is suitable for household 
use and some industries. From the Saline County line south to an 
east-west line about 4 or 5 miles south of Malvern, water from the 
Wilcox Group is a soft, sodium bicarbonate type. South of this line 
the water is a mixed calcium sodium bicarbonate type that is slightly 
harder and contains more dissolved solids. (See pi. 3; table 5.)

The iron content of most water from the Wilcox Group is high, 
and water from some of the shallow wells is slightly acidic (Edds and 
others, 1967).

CLAIBORNE GROUP

CABBIZO SAND

The Carrizo Sand supplies water in eastern Hot Spring County and 
is a potential aquifer from its outcrop east across Grant County (pis. 
1, 4). In most of Grant County it is the deepest unit of TeHiary age 
that contains fresh water (pi. 4). The formation is exposed in Hot 
Spring County in a narrow band that extends southwestwrxd from a 
point a few miles east of Malvern. From the outcrop, it dips southeast. 
The top is about 1,500 feet below the land surface near the southeast 
corner of Grant County. The Carrizo Sand is a relatively thin aquifer, 
as compared with the Sparta Sand. The Carrizo ranges in thickness 
from about 20 to 85 feet in southeastern Hot Spring and southwestern 
Grant Counties. In much of the rest of Grant County, it is about 100 
feet thick, and thickens to more than 200 feet in the southeastern part 
of the county. It consists almost entirely of sand.

Little is known about the availability of water in the Carrizo Sand. 
It should yield adequate supplies for many industries. In a pumping 
test, well 6S-l7W-34abb yielded 48 gpm with a drawdown of 23 feet 
at the end of 1 hour (table 6), from a bed, 40 feet thick, of sand whose 
top is at a depth of 215 feet. Its transmissibility is 3,600 gpd per ft 
(table 7). East of the study area, at Pine Bluff, an exploratory well 
drilled into the Carrizo entered a bed of sand 150 feet thick at a depth 
of 1,950 feet. This well has been pumped at 102 gpm with a drawdown 
of about 15 feet. The transmissibility of the aquifer at Pine Bluff, 
estimated from the specific capacity, is about 16,000 gpd per ft. These 
two values are probably lower than the value would be if determined 
from more comprehensive tests, but they indicate the order of magni 
tude of transmissibilities of the formation.

No information is available to determine the spacing of v^ells in the 
Carrizo Sand, but because its transmissibility is lower than that of the 
Wilcox Group (table 7), wells that tap the Carrizo should be spaced 
farther apart than those that tap the Wilcox.
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Water levels range from 80 to 100 feet below land surface in south 
eastern Hot Spring County. The water level in the well at Pine Bluff 
mentioned above is 15 feet below land surface.

Water from the Carrizo Sand is a soft, sodium bicarbonate type 
(pi. 3) and, according to analysis of a sample from well 6S-17W- 
34abb, is not corrosive (table 5). Water from the Carrizo in eastern 
Grant County may have a high chloride content; this conclusion is 
based on an analysis of water from the well at Pine Bluff, which 
showed that the water contains 280 ppm of chloride. Th^ iron content 
of water from both wells is high (1.0 ppm).

OANE EIVEE FOEMATION

The Cane Kiver Formation crops out in southeastern Hot Spring 
County and dips southeast. Its top is about 900 feet below land sur 
face in the southeast corner of Grant County (pi. 4). The thickness 
increases from about 200 feet near the outcrop to more than 500 feet 
at the Jefferson County line.

The Cane Kiver consists of beds of sand, mixed sand and clay, and 
clay, which range in thickness from 10 to 30 feet. However, electric 
logs indicate that the formation contains a bed of sand that ranges 
in thickness from about 50 to 125 feet in much of the area of occur 
rence (pi. 2). In parts of the area this bed is at the top of the forma 
tion and is in contact with, or may be a part of, a bed of sand in the 
overlying Sparta.

A short distance downdip from the outcrop, the formation should 
furnish enough water for many industrial needs. The electric log of 
a test well drilled in sec. 2, T. 5 S., R. 14 W. (pi. 2), shows a bed of 
sand 125 feet thick at a depth of 645 feet, which could supply the needs 
of the city of Sheridan. The formation is tapped by -a few domestic 
wells in and near its area of outcrop. The wells range in depth from 
32 to 290 feet and yield as much as 19 gpm (table 6) ; water levels 
in them range from 15 to 50 feet below land surface.

Water from the Cane Kiver Formation is very soft, and its dis- 
solved-solids content is low (table 5). Its iron content is high; much 
of the water is acidic enough to be corrosive.

SPABTA SAND

The Sparta Sand is the highest yielding and most heavily 
pumped aquifer in the two counties and is the only one used for pub 
lic supply. The Sparta supplies water to the cities of Sheridan and 
Leola, and it probably will be tapped by the proposed public-supply 
wells at Prattsville and Poyen. The Sheridan public-supply well

293-339 O - 68 - 5
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produced 865 gpm during an installation test in 1965, and the city 
well at Leola yields 250 gpm. The Sparta is tapped by an irrigation 
well, 3 miles south of Prattsville, which is reported to have been 
pumped at the rate of 500 gpm. The Sparta is the uppermost of the 
high-yield aquifers and therefore the most accessible.

The Sparta Sand crops out in southeastern Hot Spring and south 
western Grant Counties, west of the Saline River, and in the vicinity 
of Tull (in T 3 S., R. 14 W.) in the northwest corner of Grant County 
(pis. 1, 4). The formation dips southeastward, and at the east edge of 
Grant County its top is 500-600 feet below land surface (300 ft 
below sea level).

Regionally, the Sparta increases in thickness downdip, or south 
eastward. In the study area it reaches a thickness of about 300 feet 
along a north-south line midway between Poyen and Prattsville and 
more than 500 feet in the southeast corner of Grant County.

Much of the Sparta Sand is composed of thick beds of fine to 
medium sand and minor amounts of sandy clay or clay. Electric logs 
indicate that 40-85 percent of the formation is composed of beds of 
sand.

Downdip from the outcrop area, the Sparta Sand is an artesian 
aquifer, and water levels in wells that tap the aquifer rise above the 
top of the water-bearing sand. The shape of the piezomet^ic surface 
in the vicinity of the Saline River indicates that ground water in the 
Sparta flows toward the river. In the eastern part of Grant County, 
there is apparently no relation between streamflow and ground-water 
movement. Regional conditions control the pattern of ground-water 
movement, which is east and southeast. The piezometric high about 
5 miles north of Sheridan is in an interstream area and may indicate 
that ground water contributes to streamflow. The depression at 
Sheridan is the result of pumpage. (See pi. 4.)

About 25 miles east of Sheridan, in the vicinity of Pin-> Bluff, in 
Jefferson County, a large quantity of water (43 mgd in 1965) is 
pumped from the Sparta Sand. The water-level contour map (pi. 4) 
indicates that withdrawals at Pine Bluff have lowered water levels 
along the eastern edge of Grant County.

To aid in the installation of wells, plate 4 shows the depth to which 
wells must be drilled to penetrate the Sparta Sand and the depth 
below land surface that water will stand in the wells. For example, 
at Prattsville the top of the Sparta Sand is about 125 feet below land 
surface, and the water in a well that taps the Sparta will stand be 
tween 60 and 100 feet below land surface.
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Water levels in wells that tap the Sparta Sand show only seasonal 
fluctuations, except where they are affected by heavy pumpage (fig. 4).

The hydrograph for well 3S-14W-20adbl indicates that the water 
level is affected only by seasonal fluctuations, whereas thQ< hydrograph 
for the Sheridan public-supply well (5S-13W-3cda) indicates the 
effect of heavy pumpage. Since 1929 the water level in the Sheridan 
well has declined 30 feet. This decline does not indicate a critical con 
dition; however, it does demonstrate the effect of withdrawals on 
ground-water levels.

The results of an aquifer test on one of the public-supply wells at 
Sheridan indicate that in that area the Sparta Sand has a trans- 
inissibility of 90,000 gpd per ft and a storage coefficient of 1.4X10'4 
(table 7). Figure 6, developed from these values, can be used to deter 
mine well spacing. The figure shows that the drawdown of water level 
at the end of 100 days of continuous pumping at the rate of 800 gpm is 
about 10 feet at a distance of 1,000 feet from the pumping well. At 
Prattsville and Leola, aquifer and specific-capacity tests indicate that 
the Sparta Sand has a transmissibility ranging from about 20,000 to 
35,000 gpd per ft (table 7).

To supplement the information obtained from the aquifer tests, 
specific-capacity tests were run on small-capacity wells scattered 
throughout the two counties (table 6). The yields of the wells ranged 
from 2.4 to 15 gpm, and the specific capacities ranged from 0.1 to 
6.9 gpm per ft.

In most of Grant County the Sparta Sand can supply large quan 
tities of water. It is tapped for industrial, public, domestic, stock, and 
irrigation supplies. The wells range in type and depth from dug 
domestic wells 30 feet deep near the western edge of the CTitcrop of the 
formation to drilled public-supply and domestic wells more than 500 
feet deep in eastern Grant County; yields range from 2 gpm from 
some domestic wells to 865 gpm from a public-supply well.

The water in the Sparta Sand is suitable for irrigation and for 
most industrial uses if properly treated. It is a soft, calcium sodium 
bicarbonate type and the dissolved-solids content ranges' from low to 
moderately high (pi. 3; table 5). Much of the water has a high iron 
content, and some of it is acidic.

COOK MOUNTAIN FORMATION

The Cook Mountain Formation yields small quantities of water in 
central Grant County east of the Saline Eiver. In its outcrop in the 
vicinity of Prattsville (pi. 1), it is tapped by many drilled and dug 
wells that supply water for domestic use.
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FIGURE 6. Theoretical decline of water level at different intervals of time and 
at different distances from a well pumping 800 gpm from a bed of sand, 95 feet 
thick, in the Sparta Sand, assumed to be of infinite lateral extent.

The Cook Mountain dips southeastward beneath the Cockfield For 
mation and is tapped for water only in the outcrop area. The Cook 
Mountain is about 100-150 feet thick in the area between the outcrop 
and the Grant-Jefferson County line (pi. 2). In the vicinity of Pratts- 
ville it is composed of carbonaceous clay, much lignite, and lenticular 
beds of sand a few inches to a few feet thick. From the layers of sand, 
enough water can be obtained for domestic supplies. However, be 
cause water may be pumped from the wells faster than the aquifers 
can supply it, large-diameter wells are used to store water for use 
during long periods of pumping. In the area southwest of the Saline 
River alluvium, most of the deposits are sand, and the Cool" Mountain 
grades imperceptibly into the Sparta Sand. Together, they constitute 
one water-bearing unit.
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The water is a soft, calcium bicarbonate type and has low dis- 
solved-solids content. It has a low iron content, and in some places is 
acidic enough to be corrosive (table 5).

OOOKFIELD FORMATION

The Cockfield Formation crops out in central Grant County in. a 
band that extends from the Saline River alluvium to the northeast cor 
ner of the county; the belt passes between Prattsville and Sheridan 
(pis. 1, 4). The formation dips southeastward at the rate of about 20- 
25 feet per mile; its top is at land surface at the northern end of the 
Grant-Jefferson County line and is about 200 feet belovr land surface 
at the southern end. The formation is about 250 feet thick in the south 
east corner of Grant County. In places in the eastern, part of the 
county, the top of the formation cannot be distinguished from the over 
lying Jackson Group.

The Cockfield consists of beds of carbonaceous clay and silt, mixed 
clay and sand, and fine to very fine sand; few of the beds are more than 
20-30 feet thick. (See electric log at sec. 21, T. 6 S., R. 12 W., in cross 
section A-A', pi. 2.) These beds of sand are discontinuous and are 
presumably lenses of small lateral extent. According to local infor 
mation, the depth to which wells must be drilled to obtain water varies 
greatly and is difficult to predict.

Most of the wells are small-capacity wells that furnish enough water 
for the needs of households. Wells that were test pumped produced 
from 2 to 10 gpm, and specific capacities of most of the wells were 1.0 
gpm per ft. or less (table 6).

Water in the Cockfield Formation flows southeast from the high 
ground in northern Grant County. According to the shape of the 
ground-water contours north of Sheridan, Hurricane Creek receives 
water from the Cockfield (pi. 4). From the hills in the northeast 
corner of the county, water flows north and northeast into Pulaski 
and Jefferson Counties. Plate 4 shows the depth below land surface 
that water stands in wells that tap the formation.

Water in the Cockfield Formation varies from a soft, sodium 
bicarbonate type to a hard, calcium sodium bicarbonate type and 
generally has a greater dissolved-solids content than water from the 
other formations (pi. 3; table 5). Near and southeast of Sheridan 
the sulfate content is high, which may indicate that water migrates 
downward from the overlying Jackson Group. Much of the water has 
a high iron content, and in a few places the water is corrosive.
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JACKSON GROUP

The Jackson Group makes up the surficial deposits in most of 
Grant County east of Sheridan and underlies the alluvium along the 
streams in that area. From its area of outcrop, it dips eastward and 
is about 250 feet thick at the Jefferson County line east of Sheridan 
and about 200 feet thick at the southeast corner of Grant County. The 
Jackson Group consists of two formations the White Bluff Forma 
tion of Dall (1898), which is of marine origin; and the Redfield 
Formation of Wil'bert (1953), which is of continental origin. (See 
pl.landWilbert,1953.)

WHITE BLUFF FORMATION OF DALL (1898) 1

Most of the White Bluff Formation in Grant County is composed of 
fine to very fine clay, silty clay, and clay, much of which is f oesiliferous. 
In places it contains hardened ferruginous layers a few inches thick. 
In southeastern Grant County the formation is predominantly clay, 
but south of Grapevine the uppermost beds consist principally of 
very fine sand interbedded with silt and silty clay (Wilbert, 1953, 
p. 78).

The White Bluff Formation is tapped for domestic supplies by 
dug wells less than 50 feet deep in its outcrop and by a few deeper 
drilled wells (125-204 ft. deep). The yield of the formation to wells 
is small in much of its area of occurrence; therefore, where larger 
supplies are needed, wells must be drilled through the entire Jackson 
Group into the underlying Cockfield Formation or the Sparta Sand.

Analysis of one water sample from the White Bluff Formation 
indicates that the water is a dilute, sodium sulfate type, is slightly 
acidic, and has a high iron content (table 5). In Jefferson County, 
water from the Jackson Group ranges from a sodium bicarbonate type 
to a sodium sulfate type, is not acidic, and its iron content range from 
0.15 to 2.0 ppm (Klein and others, 1950). The water in the formation 
in Grant County probably has similar characteristics. The water 
sample from Grant County contained 1.7 ppm of sulfides a? hydrogen 
sulfide (H2S).

REDFIELD FORMATION OF WILBERT (1953)

In Grant County the Kedfield Formation of Wilbert (1953, p. 24, 
80) is a very low-yielding aquifer. It constitutes the surficial deposits 
in Grant County east of the outcrop of the White Bluff Formation 
of Dall (1898) and consists primarly of interbedded lignitic silts and

iThe White Bluff Marl of Dall (1898, p. 343, and table opposite p. 334), as resurrected 
and emended by Wilbert (1953, p. 23, 37).



GROUND WATER 33

clay, plus a little fine sand. The formation is tapped by many shallow 
wells, most of which are dug wells at rural residences where electric 
pumps have not been installed. None of the beds of sand are thick 
enough to supply more than very small quantities of water.

DEPOSITS OF QUATERNARY AGE 

TEEBACE DEPOSITS

Terrace deposits consisting principally of fine to coarse gravel cap 
much of the high ground in the Coastal Plain parts of the two counties. 
Most of the deposits are less than 5 feet thick, but in a few places they 
are as much as 10 feet thick. In many places the terrace deposits blend 
into or mix with the underlying deposits of Tertiary ag'3, so that they 
are not a separate aquifer. In this report, therefore, the wells in most 
areas underlain by these deposits are considered as tapping deposits 
of Tertiary age as the principal aquifer.

AI/LUVIUM

Most of the flood plains of the Ouachita and Saline Rivers and their 
principal tributaries are underlain by alluvium of Quaternary age 
(pi. 1), which lies unconformably on deposits of Tertiary age. The 
alluvium, whose total thickness seldom exceeds 35-40 fee% is composed 
principally of silt, some clay, and thin beds of fine to very fine sand. 
Most of the sand is at the bottom of the section. In a few places the 
sand is coarser and makes up most of the section, representative 
geologic sections across the Saline and Ouachita KiverF are given on 
plate 5.

The depth to water in the alluvium ranges from a few feet to about 
25 feet and fluctuates with the season and with precipitation. Where 
the alluvium is coarse enough and is in hydraulic contiruity with the 
stream, the water level fluctuates with the stream stage.

Throughout the two-county area, the alluvium is the principal 
source of water for small towns and dwellings on the flood plains. The 
residents of Poyen and Donaldson depend entirely on the alluvium 
for their water supplies. The alluvium does not yield enough water for 
large industrial needs or for irrigation, but it supplies enough water 
for rural schools.

The results of short-duration specific-capacity tests r,t Donaldson, 
Malvern, and Poyen were used as the basis for determining the maxi 
mum yields of wells that tap the alluvium (table 6). For example, 
well 4S-17W-27cdb yielded 1.3 gpm for each foot of drawdown. If 
the water were drawn down to 30 feet, theoretically, th<? yield of the 
well would be about 25 gpm, which is about the maximum that can be 
obtained from wells that tap the alluvium in the two counties.
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Water from'the alluvium is a soft, sodium bicarbonate-sodium 
chloride type and has a low dissolved-solids content (tabT °, 5). The 
iron content of much of the water is greater than the maximum of 0.3 
ppm recommended for drinking water by the U.S. Public Health 
Service (1962). Some of the water is corrosive.

A problem that may be met in water from the alluvium is a high 
concentration of nitrate. The nitrate content of water samples from 
shallow wells in Donaldson ranged from 5.0 to 49 ppm in 1963 and 
1964 (fig. 12). The association of methemoglobinemia and nitrate con 
tent of water is discussed under "High nitrate content of vmter from 
shallow wells in flood plains."

SURFACE WATER

Water is perennially available in Grant and Hot Spring Counties 
from the Ouachita and Saline Rivers, Hurricane Creek, and several 
tributary streams in the south-central and western parts of the two- 
county area (table 8). The Caddo River, which flows along- the south 
western boundary of Hot Spring County, is a dependable source of 
large quantities of water. A more uniform supply of water will be 
available after DeGray Reservoir is completed.

The quality of the water in th-* Ouachita and Saline- Rivers is 
excellent, except locally. Many of the small streams contain water of 
good quality. (See plate 6 for areal variation of water quality, and 
tables 9 and 10 for more detailed information.)

The average yields of streams in the Interior Highlands range from 
about 1.3 cfs per sq mi (cubic feet per second per square mile) near 
the Ouachita River to about 1.6 cfs per sq mi in the western end of 
Hot Spring County. Yields of streams in the Coastal Plain range 
from about 1.2 cfs per sq mi in the southeastern part of Grant County 
to about 1.3 cfs per sq mi in the northern part of the two counties and 
in Hot Spring County near the Ouachita River.

The area of the two counties, 1,254 square miles, has an average 
runoff of about 1,600 cfs. Streamflow entering the two counties is about 
3,100 cfs, of which 2,300 cfs and 800 cfs are contributed by tt e Ouachita 
and Saline Rivers, respectively.

Although there is an abundance of streamflow in the counties, the 
amount of water available for use varies considerably from time to 
time and from place to place. Because of the variation cf flow, the 
dependable amount of water available from streams is limited to their 
minimum flow, unless storage facilities are provided. The following 
discussion describes the amounts of streamflow available w; thout stor 
age.
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LOW-FLOW FREQUENCY

Because of the variation of low flows, no single observed flow value 
can be used for design purposes; instead, low-flow values are treated 
statistically to determine the frequency of occurrence of given mini 
mum flows (fig. 7).

Analyses of frequency of low flows, based on records collected for 
Ouachita River at Arkadelphia, 1930-51, and Saline River at Benton, 
1950-57, and at Rye, 1938-51 (table 11), have been used in conjunction 
with base-flow measurements to estimate data on low-flow frequency 
for other points on these streams and for other streams in the two 
counties. Frequency data for Benton and Rye have been adjusted to 
represent hydrologic conditions during 1929-57. Information on low- 
flow frequency available for Ouachita River at Arkadelphia is based 
on records collected prior to completion of Lake Ouachita (fig. 7). 
However, additional refinement of the Arkadelphia data is necessary 
because of regulation at Lake Ouachita. This amounts tc a significant 
increase in low-flow values for the Ouachita River, the magnitude of 
which depends on water released from Lake Ouachita. The data for 
Arkadelphia are applicable along the Ouachita River upstream to 
the mouth of the Caddo River. For points above the Caddo (table 11), 
the values of low-flow frequency must be reduced because of the ab 
sence of the high base flow of the Caddo. After completion of DeGray 
Reservoir the regimen of the Caddo will be changed, and the low 
flow of the Ouachita River at Arkadelphia will increase.

uj Q
LJ O

1500

.1000

; soo

600

400

200
O LU

100

80

^Example: Average minimum flow for 120 
consecutive days will be 480 cfs, or- 
less, at average intervals of 2 years, 
or has a 50 percent chance of occurring 
in any year

2 46 
RECURRENCE INTERVAL, IN YEARS

10 20
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Arkadelphia, 1930-51.
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TABLE 11. Frequency of low flows and duration of daily flows

Station name P

Ouachita River at
Arkadelphia.

Ouachita River above
mouth Caddo River.

Saline River at Benton___

Saline River at Rye_

eriod in 
days

7
15
30
60

120
7

15
30
60

120
7

15
30
60

120
7

15
30
60

120

Annual low flow, in cubic feet per second, for 
indicated recurrence interval, in years

1.2

280
360
430
550

1, 110
242
317
379
459
905

28
34
48
75

194
56
70

101
161
428

2

195
220
255
330
480
177
199
228
294
411

12
15
20
28
65
26
30
39
56

133

5

137
150
175
220
305
126
138
161
203
274

5. 3
6.8
9.0

11
26
13
15
18
25
50

10

112
123
142
178
245
105
115
132
165
223

2. 7
3.6
5. 0
6. 9

18
9.0

10
12
17
34

20

94
104
118
150
200

89
97

111
141
184

1. 4
1.9
2. 7
4. 5

12
6. 6
7. 7
9. 0

12
24

Station name

Daily flow, in cubic feet per second, which was equaled or exceeded for 
indicated percentage of time

Percentage of time

95 90 80 60 40 20

126 187 250 385 920 2, 270 4, 500 14, 200 37, 500Ouachita
River at
Arkadelphia. 

Ouachita 116 168 221 335 796 1, 920 3, 530 10, 500 25, 500
River above
mouth Cad- 
do River. 

Saline River 2. 3 12 23 44 118 328 890 3, 500 11, 400
at Bent on. 

Saline River 11 23 41 84 287 1, 190 4,090 11, 100 23,600
at Rye.

Information on low-flow frequency for the Saline River in Grant 
County may be determined by adjusting data for gaging stations at 
Benton and Rye (table 11) on the basis of drainage-area relationships. 
For example, assume that it is desired to determine the 7-day 2-year 
low flow (the flow below which the average discharge for 7 consecu 
tive days can be expected to fall on the average of once every other 
year) of Saline River near Leola. The drainage areas at Benton, 
Leola, and Rye are 569, 900, and 2,062 square miles, respectively. From 
table 11, the 7-day 2-year low flows at Benton and Rye are 12 cfs and 
26 cfs, respectively. The 7-day 2-year low flow at Leola, based on
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records at Benton, is computed as 19.0 ( g X 12=19.0). The 7-day 
2-year low flow at Leola, based on records at Rye, is computed as 11.4 
cfs ( ^ X 26=11.4). The average of these computed vaHes is 15 cfs. 
This compares favorably with the value of 17 cfs (table 8) obtained 
for this site on the basis of measurements of base-flow discharge.

Information on low-flow frequency for small stream'51 , for which 
continuous records have not been collected (table 8), has been deter 
mined by use of base-flow measurements and indicates the dependable 
flow without storage. The 7-day 2-year low flow is considered to be 
the average minimum flow and is a useful value in appraising the 
dependable water-supply potential of a stream. For example, the table 
shows that at a point near Hot Springs the 7-day 2-year low flow of 
Fourche a Loupe Creek is 0.16 cfs (103,000 gpd) and that the flow 
will be less than this amount for a short period of time on the average 
of once in 2 years. A more complete discussion of methods of deter 
mining low-flow frequencies is given in a report by Hines (1965).

The analysis of low-flow frequency indicates the average time inter 
val in years between selected low flows, but it does not indicate what 
percentage of time a given quantity of streamflow will be available. 
This time distribution of flow can be determined by a flow-duration 
analysis.

FLOW DURATION OF STREAMS

A flow-duration analysis (fig. 8) shows the percentage of time that 
the flow (daily mean flow) of a stream is equal to, or greater than, a 
certain quantity. The curve can be used to estimate the quantity of 
water available for various percentages of time, provided hydrologic 
conditions do not change. The analysis for the Ouachitr- Eiver con 
sists of two curves. The difference between the two is primarily the 
result of the effect of regulation of Lake Ouachita. OthQ-r flow-dur 
ation data, based on records collected for several year? at gaging 
stations on the Ouachita and Saline Eivers, are given in table 11. 
These data may be used to estimate the flow duration at other points 
on these streams on the basis of drainage-area ratios. When this is 
done, careful consideration should be given to hydrologic factors af 
fecting streamflow in the intervening watershed and the estimate 
should be modified as necessary.

Flow-duration information has been determined for small streams 
(table 8) by the use of base-flow measurements; hence, the determi 
nations are limited to periods of low flow. For example, the table 
shows that 95 percent of the time the flow of Fourche a Loupe Creek 
near Hot Springs is 0.18 cfs or greater. The analysis of low-flow 
frequency indicates that the 7-day 2-year low flow of the stream is
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0.16 cfs. To summarize: The minimum average flow in Fourche a 
Loupe Creek near Hot Springs for 7 consecutive days will be equal 
to, or less than, 0.16 cfs at average intervals of 2 years; th°< daily flow 
will be equal to, or greater than, 0.18 cfs 95 percent of the time (or 
less than 0.18 cfs 5 percent of the time).
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Only a small percentage of the average runoff (discharge) of 1.3 
cfs per sq mi of most of the streams in Grant and Hot Spring 
Counties is available for use during droughts. The depen dable yields 
of the streams can be greatly increased by storing high flows. There 
are many good reservoir sites in the Interior Highlands; but, because 
of the minor relief, there are few good sites in the Ccastal Plain. 
Figure 9 can be used to determine the storage requirements for 
specific draft rates. The graphs are based on drought conditions hav 
ing a 20-year recurrence interval. This means that storage require 
ments will be deficient on the average of once in 20 years, or that there 
is a 5 percent possibility that storage will be deficient in any year.

200

Storage required is not adjusted 
for seepage and evaporation

0 0.02 0.04 0.06 0.08 0.1 

7-DAY 2-YEAR LOW FLOW, IN CUBIC FEET PER SECOND PER fQUARE MILE

FIGTTBE 9. Storage required to maintain specific draft rates, for 20-year recur 
rence interval, related to 7-day 2-year low flow. Prepared by J. L. Patterson.
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To use the graphs, it is necessary to know the drainage area and the 
7-day 2-year low flow at the proposed damsite. The 7-day 2-year low 
flows for 17 sites are given in table 8, and values for oth°>r sites can 
be determined by a correlation of base-flow measurements with con 
current streamflow data for a nearby gaging station.

The following example illustrates the use of the graphs in figure 9: 
Assume that a satisfactory reservoir site has been found and that the 

drainage area above the damsite is 40 square miles. Let it be further 
assumed that the 7-day 2-year low flow at the site is determined to be 
1.2 cfs. The desired draft rate is 8 cfs, and the proposed reservoir has 
a capacity of 3,000 acre-feet. The 7-day 2-year low flow if 0.3 cfs per 
sq mi (1.2/40). Entering figure 9 with the above values, the storage 
required is 50 acre-feet per square mile, or a total of 2,000 acre-feet, 
which is within the 3,000-acre-foot capacity of the reservoir.

MAGNITUDE AND FREQUENCY OF FLOODS

During periods of excessive runoff, large quantities of v^ater can be 
stored for future use. Although floods of a given magnitude do not 
occur at regular intervals, the high-water season in Grant and Hot 
Spring Counties is generally between January and May.

Although floods provide an opportunity to replenish depleted stores 
of water, few aspects of floods are beneficial. In some places, scour, 
erosion, or other damage is caused by the force of the water. In other 
areas, damage to structures is caused by inundation.

In the Interior Highlands, most damage is caused by the, high veloc 
ity of the water which deposits gravel and rocks on food plains, 
washes out roads where they are overtopped, and destroys fenses and 
buildings. Loss due to inundation is slight, except during the growing 
season, and then it is limited to crop damage in the narrow flood plains.

In the Coastal Plain, streams are sluggish, and large areas in the flood 
plains of the Ouachita and Saline Rivers and Hurricane Creek are 
occasionally inundated. Flood peaks along the Ouachita River have 
been greatly reduced by storing water in Lake Ouachita. In effect, the 
drainage area of 1,105 square miles above Blakely Mountain Dam does 
not contribute to high-water flows in Hot Spring County.

To appraise floodflow potential, a method is presented on plate 6, and 
figures 10 and 11 whereby the magnitude and frequency of floods in 
this area can be determined. The use of the figures is explained by the 
following two examples. A more complete treatment of flood frequency 
is contained in a report by Patterson (1964).



SURFACE WATER 47

Example 1

To determine the magnitude of the 25-year flood on Francois Creek 
near Poyen (drainage area, 84.1 sq mi) :

The site is in hydrologic area 2 on plate 6.
From figure 10, the mean annual flood for 84.1 sq mi in area 2 is 

6,800 cfs.
From figure 11, the ratio of the mean annual flood to a 25-yr flood 

is 2.2.
The 25-yr floodflow is 6,800 X 2.2, or 14,400 cfs.

Example 2

To determine the recurrence interval of a peak flow of 23,400 cfs on 
Hurricane Creek at U.S. Highway 270 near Sheridan (drainage area, 
205 sq mi) :

The site is in hydrologic area 2 on plate 6.
From figure 10, the mean annual flood for 205 sq mi for area 2 is 

11,700 cfs.
The ratio of 23,400 cfs to the mean annual flood (11,700) is 2.00.
The recurrence interval, from figure 11, is 20 yr.
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FIGURE 10. Variation of mean annual flood with drainage area 
(Patterson, 1964). Hydrologic areas shown on plate 6.
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FIGURE 11. Frequency of annual floods (Patterson, 1964).

CHEMICAL QUALITY OF SURFACE WATER 

OUACHITA RIVER BASIN

The Ouachita River and most of its tributaries contain water of 
excellent chemical quality, except locally where untreated wastes or 
acid mine drainage occasionally enters the stream. Areal distribution 
of chemical characteristics of the water is shown on plate 6, and the 
pollution of the river is discussed in more detail under "Pollution of 
the Ouachita River."

Water from the Ouachita River is a soft, calcium bicarbonate type, 
and its dissolved-solids content is low (table 9). The chemical charac 
teristics of the water have changed little since the initiation of water- 
quality studies in 1946. The chemical content of a sample collected 
near Malvern in 1964 (table 10) was about the same as the average for 
the period 1946 through 1950. Continuous records for Arkadelphia 
indicate that the quality of water there has changed little since 1949 
when sampling began. The chemical quality of water at Malvern and 
Arkadelphia is similar, and the inflow of the Caddo River affects the 
quality of the water in the Ouachita River very little.

Table 9 shows maximum, minimum, and average values of princpal 
chemical constituents for the Ouachita River at Arkadelphia and 
Malvern. Detailed information on quality of water can be obtained 
from the water-supply papers listed in the bibliography.
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The small tributaries of the Ouachita and Caddo Rivers in the 
Ouachita Mountains in Hot Spring County yield water that has 
excellent chemical quality. The water is soft, has a very low mineral 
content (table 10), and is suitable for most uses. The chemical quality 
of water from Fourche a Loupe and Point Cedar Creeks and Prairie 
Bayou is alike. Ail three streams drain areas of similar topography 
that are underlain by the same types of rocks.

The water of two tributaries on the east side of the Ouachita River, 
White Oak and L'Eau Frais Creeks, is chemically dissimilar (table 
10). Water from White Oak Creek is soft and is a sodium bicarbonate 
type. Its dissolved-solids content is higher than that of streams in 
the Ouachita Mountains. White Oak Creek water contains as much 
as 30 ppm of silica, and during periods of low flow, the color is high. 
L'Eau Frais Creek water is soft and has a very low dissolved-solids 
content (table 10). Its color is high at times during periods of low 
flow.

SALINE BIVER BASIN

The Saline River is a source of large quantities of good-quality 
water in Grant County. The water is a calcium bicarbonate type 
and has a low dissolved-solids content (table 9). Its hardness varies 
from soft to moderately hard, and its iron content during periods 
of low flow has been greater than the maximum limit of 0.3 ppm 
recommended for drinking water by the U.S. Public Heplth .Service 
(1962). A color of 45 has been recorded and has reached 40 many 
times during periods of high flow. The high iron content and color 
limit the usefulness of the water, but after minor treatment it can 
be used for most purposes.

The chemical quality of the water changes little as the Saline 
River traverses Grant County, as indicated by analysis of samples 
collected near Tull and Leola in 1964. The quality has remained al 
most unchanged since 1949. Water samples collected near Tull in 
1964 had chemical characteristics similar to those determined by 
daily sampling at Benton (14 miles upstream) during the period 
1949-53. Inflow between Benton and Tull is small, and the quality 
of the water at Tull is considered to be similar to that at Benton.

The chemical quality of the water of some of the tributaries of 
Saline River is good; in Francois and Reyburn Creeks, water is acidic 
because of pollution from industrial wastes.

Big Creek water is a very dilute, soft, calcium sodium bicarbonate 
type (pi. 6; table 10). The water is slightly acidic, its color is high, 
and its iron content is in excess of 0.3 ppm. The water reflects the 
quality of Rhinehart Branch, which receives most of it7 base flow 
from Big Spring.
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The water from Francois Creek, east of Poyen (pi. 6), is much 
different from that of Big Creek. Francois Creek watf is a soft, 
slightly acidic, sodium sulf ate-sodium 'bicarbonate type; its dissolved- 
solids content (table 10) is much higher than that of Big Creek 
water. Reyburn Creek, a tributary of Francois Creek (pi. 6), yields 
an acidic sodium sulfate type water that has a higher dissolved- 
solids content than water from Big and Francois Creeks (table 10). 
The acidity and sulfate content of water from Francois and Reyburn 
Creeks are due to wastes from mining operations near Magnet a few 
miles north of Malvern.

Most of the time the chemical quality of Hurricane Creek water 
is poor, owing to introduction of wastes from bauxite mines and 
alumina plants near Bauxite, in Saline County (pi. 6; tables 9, 10). 
This pollution is discussed in more detail under "Pollution of Hurri 
cane Creek." Only at high flows is the quality of the water similar 
to that of other streams in the two counties. The chemic?,! character 
istics of Hurricane Creek water have remained about the same since 
1949, as indicated by the results of samples collected daily during the 
period 1949-55 and spot samples collected in 1964.

PUBLIC WATER SUPPLIES

The public water-supply systems in Grant and Hot Spring Coun 
ties furnish 1.1 mgd of water to about 12,400 people in the cities of 
Leola, Malvern, and Sheridan. The finished waters are of excellent 
quality (table 12) and meet all U.S. Public Health Service (1962) 
standards for drinking water. They are soft, have a low dissolved- 
solids content, and are suitable for most industrial uses. The city of 
Malvern takes its water from the Ouachita River; Leola and Sheridan 
use water from the Sparta Sand. The sources of water for all three 
systems are large enough to furnish much more water than was used 
in 1965 (table 1).

INTERRELATION OF GROUND AND SURFACE WATER

The base flow of streams in the area is supplied about 95 percent of 
the time by ground water from the adjacent alluvium and rocks. Dur 
ing, and for a short time after storms, the alluvium in the river bot 
toms is recharged while river stages are high. As streamflow decreases, 
the direction of ground-water flow reverses, and the normal condition 
of ground water supplying streamflow is resumed.

Deeper aquifers are supplied by precipitation that falls on their 
areas of outcrop and from overlying alluvium and by streams that
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TABLE 12. Chemical analyses of water from public supplier

51

[Results in parts per million, except as indicated. Water treatment: A, aeration; C, chemical dosage for 
coagulation; DC, chlorination; Dh, hypochlorination; F, filtration; I, iron removal; S, sedimentation; 
T, activated carbon; V, fluoridation]

Leola Malvern Sheridan

Population served- _ ________________ 
Source of water. ____________________

Average use, 1965 _____________mgd__
Rated plant capacity _____ _ ___do_
Treatment.. _ _______________________

Date of collection. __________________
Silica (SiO2)_ _______________________
Iron (Fe) _ _ ___. _______ _ ______
Manganese (Mn)___ _______ ________
Calcium (Ca) _______________________
Magnesium (Mg). _________________
Sodium (Na) _ ___________ _.-_--.__
Potassium (K) ____ _________________
Bicarbonate (HC03) _._______-___._-
Carbonate (COs) ____________________
SulfateCSOO  --   ---       . 
Chloride (Cl)____ ___ _ __ _ ________
Fluoride (F) ________________________
Nitrate (NOs)_______________________
Disolved solids, residue at 180° C______
Hardness as CaCOs- _______ _________
Noncarbonate hardness as CaC0 3______
Specific conductance micromhos at

25° C)_ __________________________
pH________________________________
Color. _____________________________

313 
Well

0.026

Dh,F,
I-A, S

10-19-64
16

.21

.01
9.5
1. 1
1.5
1. 5

21
0

13
2. 1
.2
. 3

57
28
11

81
7. 1
3

9,566 
Ouachita

River
0.812
1.810

C, DC, F,
S,T,V

7-15-66
2.6
.06
.00

11
2.9
2.0
1.0

34
0

12
2.9
.6
.2

62
40
12

100
7.5
0

2,500 
Wells

0.284
. 500

Dh, F,
I-A, S

5-28-64
17

.20

.00
15
2.3
5.0
2.7

54
2
6. 4
6.5

. 1

.0
84
47

0

125
8.5
0

cross the outcrops where the streams and aquifers are hydraulically 
connected.

Water levels in the alluvium respond quickly to charges in river 
stage. There is no apparent relation between river stages and the 
fluctuations of water levels in the deeper aquifers. There is, however, 
a long-term relation between recharge to aquifers and precipitation 
and streamflow.

MAJOR WATER PROBLEMS AND THEIR SOLUTIONS

The principal problems in the two counties are the poor areal dis 
tribution of the ground- and surface-water supplies and tH poor qual 
ity of water in certain areas. The Ouachita and Saline Risers can sup 
ply Hot Spring County and western Grant County with large quanti 
ties of water, but from the Garland County line to a point a few miles 
below Lake Catherine, the Ouachita River is polluted. Malvern is
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assured plenty of water from the Ouachita River for municipal and 
industrial expansion; however, larger treatment facilities will be 
needed to keep pace with industrial growth. Away from th*, two rivers, 
southeastern Hot Spring County has moderately large supplies of 
good-quality ground water.

East of the Saline River, surface-water yields are low during pro 
longed dry periods and Hurricane Creek water is unfit fcr most uses. 
However, large quantities of good-quality ground water are available, 
but additional wells should be spaced far enough apart so that they 
do not interfere with one another.

The high nitrate content of water from shallow wells in a few 
places in the flood plains of the principal streams introduces the 
problem of methemoglobinemia.

POLLUTION OF THE OUACHITA RIVER

The Ouachita River is polluted locally by municipal and domestic 
sewage, industrial wastes, and mine drainage (Arkansas Water Pol 
lution Control Com., 1963, p. 6-12). During rainy seasons, excessive 
infiltration of ground and surface water into the sewers of the cities 
of Hot Springs and Malvern overloads the treatment plants, and raw 
sewage bypasses the plants and empties into creeks that drain into 
Lakes Hamilton and Catherine and the river. Added to the above are 
the domestic sewage and the wastes from several industries that are 
discharged into Lake Hamilton or from streams that flow into it.

In addition to the above, just below Lake Catherine, Cove Creek 
discharges the drainage from strip mines into the Ouachita River. 
Metallic sulfides from spoil piles combine with rainwater to produce 
sulfuric acid, which is the primary source of the acid water. At times 
the river water below Cove Creek becomes so acidic tl at fish die. 
Process water from current (1966) mining operations is treated and 
does not contribute significantly to the pollution of Cove Creek.

In spite of the pollution load, much of the Ouachita River is a 
source of large quantities of good-quality water. Dilution raises the 
pH of the water to acceptable levels a few miles downstream from the 
polluted areas.

POLLUTION OF HURRICANE CREEK

Hurricane Creek water cannot be used for most purposes during 
low flow because it is highly polluted. If the stream could be re 
claimed, an additional 'Source of water would be available in eastern 
Grant County; treatment, however, would be costly.
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Two methods can be used to reduce or eliminate the pollution of 
Hurricane Creek. One method is more extensive treatment of wastes 
from alumina plants and bauxite mines before release of effluent to 
the stream. The second method is to increase low flows by use of a 
system of storage reservoirs. The second method probably would re 
quire more water than is perennially available. A combination of the 
two methods probably would have to be used because complete treat 
ment is impracticable.

HIGH NITRATE CONTENT OP WATER PROM SHALLOW WELLS IN
PLOOD PLAINS

High nitrate content of water that is fed to infants has been known 
to cause methemoglobinemia (blue-baby disease). Hem (1959, p. 239) 
states that several investigators link high nitrate content of domestic- 
water supplies with methemoglobinemia in infants whose feeding 
formulas are mixed with these waters. It has not been determined 
exactly what concentration of nitrate in water causes this poisoning, 
but the U.S. Public Health Service (1962, p. 7) recoirmends that 
water containing more than 45 ppm of nitrate not be used for drinking 
water.

In a few places in the flood plains of the Ouachita and Saline Rivers 
and other streams, particularly where there are concentrations of 
houses whose occupants draw their water from shallow wells, there 
is a possibility of a dangerously high nitrate content of tl ^ water. In 
the village of Donaldson, all domestic water supplies are drawn from 
wells tapping alluvium that ranges in depth from 15 to 30 feet. The 
land surface of the area is very flat, and drainage is poor. As shown in 
figure 12, there is no apparent relation between the location of wells 
in the village and the nitrate content. Also, there is no apparent rela 
tion between the drainage pattern and the nitrate content. Both high 
and low nitrate concentrations are in well waters in the center of the 
village and on the outskirts.

The nitrate content of water samples collected from 13 wells at 
Donaldson ranged from 5.0 to49 ppm (fig. 26). A water sample from 
well 6S-18W-3dbc, collected in 1963, contained 36 ppm cf nitrate; a 
year later the nitrate content had increased to 42 ppm. Although 
some of the nitrate may be from natural sources, most of it probably 
represents contamination. Individual septic tanks are probably the 
primary source of the nitrate. A few privies and barnyards in the 
village may contribute to the nitrate content of some of the well water.

Probably the only solution of the nitrate problem at Tinaldson is 
to install a central supply system that draws water from wells or
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streams outside the area of contamination. Near Donaldson, only small 
quantities of water are available from the alluvium. Plenty of good- 
quality, uncontaminated water is available from deeper aquifers 
several miles from the village; but transporting the water would be 
expensive, and minor treatment would be necessary. Tl ^ Ouachita 
River is the closest large supply of good-quality water, frit the water 
would have to be treated and transported to the village.

The nitrate content of water from shallow wells that tap alluvium 
at a few other places in the two counties is high enough to cause con 
cern. A water sample from well 5S-15W-5abb2, in Poyen, contained 
45 ppm of nitrate. A sample from well 4S-17W-29dcb, which is on a 
farm southwest of Malvern, contained 27 ppm of nitrate; this fact 
indicates that nitrate contamination is not confined to thickly popu 
lated areas.

Water that has a high nitrate content is found in only a few places 
in the alluvium along the principal streams. The nitrate content of 
water from most of the alluvium is low and well within safe limits.

Well location
Number is nitrate content 

in parts per million

FIGURE 12. Nitrate content of water from selected wells that tap alluvium of 
Quartenary age in Donaldson and vicinity.
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LEGAL PROBLEMS

State laws regulating the development and use of water resources 
have important bearing on industrial development, urban growth, 
and agriculture. Industrial-development leaders who am interested 
in promoting use of water supplies or in increasing their available 
supplies may find that they need to orient themselves to the existing 
framework of water law. Persons interested in obtainirg water in 
areas where the supply is heavily used may wish to know how the 
Arkansas Supreme Court has decided various issues concerning water 
rights. A report by Mack (1963) summarizes statutory law in the 
development and use of water in Arkansas. The following paragraphs 
are abstracted or quoted from his summary.

Because Arkansas is blessed with an abundance of water resources, there 
has been little litigation of water rights. The lack of long-established rigid con 
trols and the resulting flexible conditions of State water law are probably an 
advantage to the State during the period in which it is shifting from a pre 
dominantly agricultural economy to one in which industry plays a leading part. 
Arkansas is thus able to make a fresh start in developing its wtfter resources 
and laws, and thus may benefit from the experiences of other States.

Throughout the history of the State there has been a slow tut consistent 
growth to the body of water law. Early litigation predominantly concerned 
injury to property caused by excessive water. The next phase to develop showed 
that pollution of water gave rise to controversy. Without completing phase two, 
we have entered phase three concerning rights to available water and maintain 
ing the flow of streams.

The Arkansas Supreme Court has accepted the riparian doctrine of reasonable 
use which essentially states that a proprietor must use water wi^h reasonable 
regard to the rights of others. This general rule applies to water-courses as well 
as ground water. The natural flow theory of the riparian doctrine has not been 
abandoned, however. In addition to the riparian doctrine, the ArVansas Legis 
lature has adopted some aspects of the appropriation doctrine whereby a State 
agency may allocate a fair share of water to persons where there is a shortage. 
The State has enabled legally responsible organizations to enter into contracts 
with Federal agencies for use of water from Federal reservoirs constructed, under 
their supervision. The State may enter compacts with other States concerning 
interstate rivers.

Although a landowner may fend off water that washes on his land, he may 
not obstruct a watercourse or increase natural flow to the unreasonable detri 
ment of another landowner. A proprietor whose land is bordered by a non- 
navigable stream has title to the thread of the stream but if the lar<l is bordered 
by a navigable watercourse, he takes only to the high-water mark. The question 
of navigability is one of fact or Congressional action. Where a tnct of land, is 
bounded by a navigable or non-navigable stream, the boundary changes with the 
gradual change in the course of the stream but where the stream suddenly 
seeks a new channel, the boundary lines do not change.

Any person causing injury to another by pollution may be suec1 for damages 
or enjoined from further pollution.
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In Grant and Hot Spring Counties there has been little litigation 
over water rights. There are no known cases relating to tt e utilization 
of ground water, presumably because there has been very little de 
velopment of ground-water resources. Presently (1966), there is a 
legal conflict regarding release of water from a reservoir during a 
flash flood.
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Sparta Sand

Lines of equal depth to top of 
Sparta Sand

Dashed where approximately located. 
Interval 100 feet. Datum is land 
surface

Piezometric contours
Show altitude to which water will 

rise in wells that tap Sparta Sand. 
Contour interval 10 feet. Datum 
is mean sea level

Base modified from county highway maps

OUTCROP AREA, DEPTH TO TOP OF SPARTA SAND, AND DEPTH TO AND
ALTITUDE OF THE PIEZOMETRIC SURFACE

SALINE COUNTY

' <S *^>v , h
t^> Sf^^Uu^-^Zf - I,~>' ''-3

DALLAS COUNTY

EXPLANATION
(LARK COUNTS

Depth to piezometric surface, in feet below land surface

LEVELAND COUNTY

Outcrop area of the Contact
Gockfield Formation Dashed where approximately located

West edge of the subcrop of the Piezometric contours
Cockfield Formation Show altitude to which water will

rise in wells that tap the Cock- 
field Formation. Contour interval 
20 feet. Datum is mean sea level
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OUTCROP AREA AND DEPTH TO AND ALTITUDE OF THE PIEZOMETRIC SURFACE
IN THE COCKFIELD FORMATION

GEOHYDROLOGIC MAPS OF COASTAL PLAIN AQUIFERS, GRANT AND EASTERN HOT SPRING COUNTIES, ARKANSAS

SCALE 1:250000
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DECLINATION, 1968



UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY

i
Miles from Hot Spring-Grant County line 

1

PREPARED IN COOPERATION WITH THE 
ARKANSAS GEOLOGICAL COMMISSION

Miles from east section line of sec. 27, T. 4 S., R. 17 W. 

2 1 West -«-

WATER-SUPPLY PAPER 1857 
PLATE 5

East
1

C
300'-

290' -

280'

270'

260'-

250'-

240'-

230'-

220'-

210'-

200'-

190'-

180'-

HOT SPRING COUNTY GRANT COUNTY

Town of 
Poyen

Saline River 
BridgeFrancois Creek 

Bridge boring
Saline River Relief 

TH-9 /Bridge boringsv

EXPLANATION

Deposits of Tertiary age

HOT SPRING COUNTY 
l

, 
GRANT COUNTY r1 

I

C'
- 300'

D

Sand and silt or sand and clay

170'H
Lignite

TH-6 and TH-62
Auger borings by U.S. Geological

Survey
160' ' Bridge boring-construction boring

by Arkansas State Highway Com 
mission

For logs of borings see Edds, Bry- 
ant, Halberg, and Mines (1967)

DATUM IS MEAN SEA LEVEL

VERTICAL SCALE GREATLY EXAGGERATED

LITHOLOGY OF ALLUVIAL DEPOSITS IN THE SALINE RIVER FLOOD PLAIN ALONG U.S. HIGHWAY 27O

- 290' 350' -

r- 280' 340' -

360'

- 270' 330' -

- 260' 320' -

- 250' 310' -

h 240' 300' -

- 230' 290' -

220' 280' -

- 210' 270' -

- 200' 260'

- 190' 250' -

- 180' 240' -

- 170' 230' -

- 160' 220' -

210'-

200' -

GEOLOGIC SECTIONS C-C' AND D-D', GRANT AND HOT SPRING COUNTIES, ARKANSAS 190' -J

LITHOLOGY OF ALLUVIAL DEPOSITS IN THE 
OUACHITA RIVER FLOOD PLAIN NEAR MALVERN

D'
r-360'

-350'

-340'

-330'

-320'

-310'

-300'

-290'

-280'

-270'

-260'

-250'

-240'

-230'

-220'

-210'

-200'

L 190'

293-339 O - 68 (In pocket)



UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY

PREPARED IN COOPERATION WITH THE 
ARKANSAS GEOLOGICAL COMMISSION

WATER-SUPPLY PAPER 1857 
PLATE 6

92° 55' GARLAND 

34'30'

R. 11 W. fj 
PULASKI COUNTY

CLARK 93°00' R I9 yL 12

5.7 miles downstream 
L' Eau Frais Creek at Joan

Base from Arkansas State Highway 
Department general highway maps

EXPLANATION

/Dissolved solids, in 
1 60 parts per million

Ca

Mg

Na + K

Fe

HC03 +C03

SO,

Cl

A10
Daily-flow gaging station, see table in text

 
Chemical-quality station, see table in text

Low-flow partial-record station, see table
in text

Number by symbol is for identification in 
tables

Mile 420.6 
Ouachita River at Arkadelphia

F + NO, 
1.0 2.0 32.0 1.0 0

EQUIVALENTS PER MILLION 
Dashed line indicates reduced scale

Hydrologic-area boundary

Hydrologic-area number, see text

MAP SHOWING HYDROLOGIC AREAS, SURFACE-WATER DATA-COLLECTION POINTS, AND DIAGRAMS
OF SURFACE-WATER QUALITY, GRANT AND HOT SPRING COUNTIES, ARKANSAS

SCALE 1:125000 

4 10 MILES

APPROXIMATE MEAN 
DECLINATION, 1968 10 KILOMETERS 20' CLEVELAND

R. 12 W.
re Hi tan
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